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The crystal and molecular structure of a clip-shaped 
molecule with two different side-walls
W. P. Bosnian,<3)* J. M. M. Smits,(2) R. de Gelder,(2) J. N. H. Reek,(1) J. A. A. W. Elemans,(1) 
and R. J. M. Nolte(,)
Received April 12, 1996
The crystal and molecular structure of a clip-shaped molecule is described. The structure was 
solved by vector search methods and refined by least squares methods to/? ( = 0.0769 [ / >  2ct(/)]. 
Crystal data: C4oH36N40 6.2CCl3H, monoclinic, space group P2Jn, a = 12.567(1), b = 
19.171(1), c =  17.431(1 )À p = 91.676(6)°, V = 4197.7(5)Â3, Z =  4.
KEY WORDS: Crystal structure; supramolecular compound; clip shaped molecule; substrate binding.
Introduction
In the course of our studies aimed at the develop­
ment of synzymes (synthetic enzymes),la,b we have 
functionalized molecules of type 1  at both the side­
walls. Binding studies of these kind of clips showed 
that these doubly functionalized clip molecules are no 
longer able to bind dihydroxybenzenes. In order to 
obtain insight into the binding behavior of these clip­
shaped molecules, compounds 1  and 2 were investi­
gated earlier.lc To get a more detailed understanding 
of the factors that influence the binding properties, a 
clip molecule (3) with two different side-walls was 
synthesized. The question is whether this molecule is 
still able to bind dihydroxybenzene molecules and 
what the influence is of the methoxy groups of the 
naphtalene moiety. An X-ray diffraction experiment 
was undertaken to establish the crystal and molecular 
structure of 3. From structural information of 1, 2, and
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3 we conclude that the methoxy groups on the side­
walls of 2, which all point into the cavity, play an 
important role in blocking the cavity for complexation 
with guest molecules.
Experimental
The crystal data and a summary of the data collec­
tion, structure solution and refinement are given in 
Table 1. The atomic positional and vibrational parame­
ters are given in Table 2. Since experience showed 
that the diphenylglycoluril unit of similar compounds 
can be used as a suitable (rigid) starting fragment for 
structure solution,2 this unit was put into a vector 
search program.3,4 The phasing power of the model 
proved to be sufficient to solve the structure. The 
hydrogen atoms of the methyl groups were obtained 
by rotation of an idealized methyl group to match 
maximum electron density in a difference Fourier map. 
The remaining hydrogens were generated at calculated 
positions. All hydrogen atoms were refined riding on 
the parent atoms with constrained isotropic tempera­
ture factors. A difference Fourier synthesis revealed 
the presence of two chloroform solvent molecules 
which are disordered around the carbon-hydrogen 
bonds. The first chloroform molecule is described as 
a threefold disordered molecule. The rotation angle is 
about 20°. The second molecule is described as a five-
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Table 1. Crystal data and summary of intensity data collection,
structure solution, and refinement
Table 2. Atomic coordinates (X  104) and equivalent isotropic
displacement parameters (A 2  X lO3)“
Compound C ^ N A ,  • 2HCC13 Occupation
Color/shape Colorless/irregular factor
Empirical formula C4 2 H3 8 CI6 N4 O6 X y z i/cq (X0.01)
Formula weight 907.46
Temperature 208(2) K 0 ( 1 ) 5710(3) 4011(2) 3583(2) 44(1)
Crystal system Monoclinic 0 (2 ) 2088(3) 3786(2) 1696(2) 44(1)
Space group P 21 In
O
N(l) 5163(3) 3639(2) 2377(2) 34( 1)
Unit cell dimensions (25 a = 12.567(1) A N(2) 3736(3) 3279(2) 1525(2) 32(1)
reflections, 1 0 ° <  0  <  13°)
O
C(l) 6672(5) 1517(3) 1116(4) 62(2)
b = 19.171(1) A C(2) 5658(5) 1591(3) 820(3) 54(2)
P = 91.676(6)°
O
C(3) 7033(5) 1942(3) 1699(4) 61(2)
c = 17.431(1) A
O ^
C(4) 4982(4) 2085(3) 1108(3) 42(1)
Volume 4197.7(5) A 3 C(5) 6366(4) 2447(3) 1990(3) 47(1)
Z 4 C( 6 ) 5335(4) 2521(2) 1698(3) 36(1)
Density (calculated) 1.436 g-cm - 3 C(7) 4588(4) 3047(2) 2042(3) 32(1)
Absorption coefficient 0.462 mm - 1 C( 8 ) 5210(4) 3614(3) 3159(3) 38(1)
Di ffractometer/scan Enraf-Nonius CAD-4/co-scan C(9) 2855(4) 3452(2) 1936(3) 33(1)
Radiation/wavelength MoKa (graphite monochrom.)/
O
C(10) 5754(4) 4128(3) 1925(3) 38(1)
0.7107 A C ( l l ) 3990(4) 3685(2) 837(3) 35(1)
F (000) 1872 C( 12) 5076(4) 4661(3) 1501(3) 34(1)
Crystal size 0.16 X 0.22 X 0.42 mm C( 13) 4245(4) 4447(2) 975(3) 35(1)
0 -range for data collection Up to 50° C( 14) 5304(4) 5356(3) 1587(3) 37(1)
Index ranges 0 <  h <  14, 0 <  k <  22, - 2 0 C(15) 3700(4) 4945(3) 548(3) 37(1)
<  / <  2 0 C (I 6 ) 7128(5) 5616(3) 1806(3) 57(2)
Reflections collected 15171 C(17) 1869(4) 4777(4) 193(3) 60(2)
Independent/observed refls 7366(/?int =  0.061)/ C(18) 4734(4) 5880(3) 1158(3) 41(1)
4175([/2cr(/)]) C( 19) 3929(4) 5669(3) 626(3) 41(1)
Absorption correction Semi-empirical from psi-scans C(20) 4965(5) 6599(3) 1227(3) 52(2)
Range of relat. transm. factors 0.877-1.031 C(21) 3389(5) 6187(3) 188(3) 50(1)
Refinement method Full-matrix, least-squares on C(22) 4426(5) 7083(3) 794(4) 55(2)
F 2 C(23) 3636(5) 6873(3) 272(4) 57(2)
Computing SHELXL 5 0(3) 2963(3) 4743(2) -18(2) 48(1)
Data/restraints/parameters 7366/0/559 0(4) 6078(3) 5577(2) 2113(2) 46(1)
Goodness-of-fit on F2 1.034 N (l ') 4616(3) 3051(2) 3393(2) 36(1)
SHELXL weight parameters 0.091, 7.633 N(2') 2974(3) 3176(2) 2652(2) 36(1)
Final R indices [/>2cr(/)] /?, = 0.0769, wR2 = 0.1853 C (l ') 3443(6) 568(3) 2901(4) 62(2)
R indices (all data) /?, =  0.1439, wR2 =  0.2294
O
C(2') 2685(5) 994(3) 2573(3) 58(2)
Largest diff. peak and hole 0.922 and -0 .674  e • A " 3 C(3') 4370(6) 859(3) 3191(3) 59(2)
C(4') 2839(4) 1706(3) 2521(3) 46(1)
C(5') 4551(5) 1571(3) 3153(3) 49(1)
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Table 2. Continued.
X y z
Occupation
factor
( X 0 .0 1 )
C( 6 ') 3779(4) 2 0 0 2 (2 ) 2815(3) 38(1)
C(7') 3962(4) 2786(2) 2762(3) 34(1)
C(10') 4181(4) 3054(3) 4170(3) 41(1)
C( l l ' ) 2205(4) 3240(3) 3250(3) 43(1)
C(12') 3455(4) 3672(3) 4311(3) 42(1)
C( 13') 2520(5) 3761(3) 3871(3) 45(1)
C( 14') 3727(5) 4152(3) 4891(3) 50(1)
C( 15') 1861(5) 4333(3) 4014(3) 53(2)
C( 16') 4830(6) 4387(4) 6009(3) 70(2)
C( 18') 3095(6) 4723(3) 5006(3) 59(2)
C( 17') 251(6) 4947(4) 3697(4) 79(2)
C( 19') 2165(6) 4816(3) 4574(4) 62(2)
0 (3 ') 4644(4) 4009(2) 5309(2) 62(1)
0 (4 ') 935(3) 4367(2) 3578(3) 6 6 ( 1 )
C(91) 7230(2) 3164(1) 4581(1) 74(2)
C l ( l l ) 8415(5) 3616(4) 4401(4) 111(5) )
C1(I2) 7109(6) 3001(4) 5554(2) 96(3) ) 34
C 1 (13) 7258(6) 2368(2) 4067(3) 81(2) )
C 1 ( 14) 8415(3) 3544(3) 4270(4) 38(1) )
C 1 (15) 7170(6) 3229(5) 5583(2) 55(2) ) 33
C 1 ( 16) 7154(7) 2294(2) 4291(5) 72(2) )
C 1 (17) 8410(6) 3378(5) 4152(5) 153(6) )
C 1 (18) 7281(7) 3396(4) 5561(2) 83(3) ) 33
C 1 ( 19) 6922(6) 2280(2) 4489(4) 93(3) )
C(92) 9765(3) 3375(2) 1536(2) 74(2)
C 1 ( 2 1 ) 9698(13) 2736(6) 2250(7) 99(6) )
Cl (2 2 ) 9497(18) 3008(9) 632(5) 149(9) ) 14
Cl (23) 8842(9) 4040(5) 1711(9) 75(4) )
Cl (31) 9912(9) 2588(3) 2030(6) 56(3) )
Cl(32) 9257(8) 3232(5) 607(3) 60(3) ) 18
Cl(33) 8930(9) 3942(6) 2029(5) 77(4) )
Cl (41) 9934(6) 2496(2) 1764(4) 8 6 (2 ) )
Cl (42) 9572(5) 3463(3) 528(2) 78(2) ) 36
Cl(43) 8690(5) 3739(4) 1997(4) 102(3) )
Cl (51) 9923(8) 2471 (2) 1422(7) 55(2) )
C 1 (52) 9229(11) 3739(6) 693(5) 128(6) ) 18
Cl(53) 8931(9) 3539(6) 2307(6) 83(4) )
0 ( 6 1 ) 9639(13) 2566(4) 1078(8) 96(5) )
0 ( 6 2 ) 9152(12) 4029(6) 987(8) 117(6) ) 14
0 ( 6 3 ) 9172(12) 3326(7) 2442(4) 88(5) )
“ Ucq is defined as one third of the trace of the orthogonalized 
Uij tensor
fold disordered molecule. The rotation angle is about 
35°. For both disordered chloroform molecules the 
corresponding occupancy factors were set to add up 
to one during refinement. For both chloroform mole­
77
cules the C l-C  ( 1.75 A) and C l-C l (2.87 A) distances 
where fixed during refinement.
Discussion
The structure and atomic numbering are presented 
in Fig. I.6 and Fig. 2.7 (only the choroform molecules 
with the largest occupancy factors are shown). Geo­
metrical calculations8 revealed no unusual features. 
Calculations with PLATON9 revealed no higher sym­
metry and no further residual solvent accessible area. 
There are hydrogen bonds between the hydrogen atoms 
of the chloroform molecules and the carbonyl oxygen 
of the diphenyl glycoluril unit (O-H respectively 
2.07(4) and 2.06(4) A; O -H -C : 159(5) resp. 150(3)°).
Comparing the structures of 3 with 1 and 2 one 
can conclude that the cavities of these clip-shaped 
molecules are very similar. There are some differences, 
like the tapering of the cavities and the twist in the 
molecules. These differences are, however, likely to 
be the result of crystal packing effects since they are 
consistent with the flexibility of similar clip molecules 
observed in related crystal structures. We may con­
clude, therefore, that differences in binding properties 
to these clip molecules are due to the methoxy groups 
and interactions with the cavity side-walls. From bind­
ing studies we found that clip 3 is able to bind 1,3 
dihydroxybenzene, however, with a lower association 
constant (55 M - 1 ) than for 1 (1500 M ” *). This suggests 
that the methoxy groups of the previously reported 
compound 2 play a very important role in blocking the 
cavity for the binding of aromatic substrates, however, 
other effects are also involved. From these data an 
important conclusion can now be made. Molecular clip 
molecules with only one p-dimethoxybenzene side­
wall functionalized with a catalytically active group, 
are expected to be able to bind substrate molecules 
by means of hydrogen bonds and tt-tt interactions, 
although with lower association constants than clip 
molecule 1. The synthesis and binding properties of 
these mono functionalized clip molecules will be 
reported elsewere.10
Supplementary material. Crystallographic data (excluding struc­
ture factors) for the structure reported in this paper have been 
deposited with the Cambridge Crystallographic Data Centre as 
supplementary publication CCDC-1003/5117. Copies of avail­
able material can be obtained, free of charge, on application to the
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Fig. 1. ORTEP drawing of the complex showing the hydrogen bonds to the carbonyl 
oxygen atoms. Thermal ellipsoids are at 40% probability. The choroform molecules are on 
idealized positions.
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Fig. 2. PLUTON drawing with the atomic numbering.
Director, CCDC, 12 Union Road, Cambridge CB2 1EZ, UK, (fax: 
+44-(0) 1223-336033 or e-mail: teched@chemcrys.cam.ac.uk).
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